This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of
to make the world’s books discoverable online.

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was nevel
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domair
are our gateways to the past, representing a wealth of history, culture and knowledge that’s often difficult to discover.

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book’s long journey fro
publisher to a library and finally to you.

Usage guidelines

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belon
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have take
prevent abuse by commercial parties, including placing technical restrictions on automated querying.

We also ask that you:

+ Make non-commercial use of the fild&e designed Google Book Search for use by individuals, and we request that you use these fil
personal, non-commercial purposes.

+ Refrain from automated queryirigo not send automated queries of any sort to Google’s system: If you are conducting research on m:
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encc
use of public domain materials for these purposes and may be able to help.

+ Maintain attributionThe Google “watermark” you see on each file is essential for informing people about this project and helping ther
additional materials through Google Book Search. Please do not remove it.

+ Keep it legalWhatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume |
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users
countries. Whether a book is still in copyright varies from country to country, and we can’t offer guidance on whether any specific
any specific book is allowed. Please do not assume that a book’s appearance in Google Book Search means it can be used in al
anywhere in the world. Copyright infringement liability can be quite severe.

About Google Book Search

Google’s mission is to organize the world’s information and to make it universally accessible and useful. Google Book Search helps
discover the world’s books while helping authors and publishers reach new audiences. You can search through the full text of this book on
athttp://books.google.com/ |



http://books.google.com/books?id=8zIIAAAAIAAJ&ie=ISO-8859-1&output=pdf































CONTENTS.

——

THE ELECTRIC TELEGRAPH.
. PaGE
Cuar. VII — 163. Momentary currents alternately in econtrary
directions.—164. Method of producing momentary currents all
in the same direction.—165. Magueto-electric machine.—166.
Its effects in producing shocks and currents.—167. Method of
applying it to telegraphs.—168. Chemical property of the
current.—169. Decomposition of water.—170. Application of
this property to produce written characters at a distance.—171.
Methods of moving the paper under the style.—172. Telegraphic
characters marked upon it.—173. Use of relay magnets in cases
of feeble currents.—174. Form and application of them.—175,
Telegraphic lines constructed by companies in England and
America, and chiefly by the state on the continent.—176. Various
forms of instruments used.—177. Influence of national feeling. —
178, Meritorious inventions sometimes neglected.—179. Needle
instruments generally used in England.—180. Single needle
instrument.—181. Double needle instrument.—182. Old aerial
telegraph,—183. French State telegraph . . . .1

CHap. VIII,—184. Form of commutator of French state telegraph,—
185. Its operation,—186. Method of sending and receiving a
dispatch.—187. Batteries.—188. French railway telegraph.—
189. French railway portable telegraph.—190. German railway
telegraph. — 191. Siemens’ instrument. —192. Its mode of
operation.—193. How errors are corrected.—194. Explanation
of the mechanism,—195. Comparison with the French telegraph.
—196. Indicating mechanism.—197. Simplicity greater than
the French instrument.—198. BRequires greater intensity of
current.—199. Belgian railway telegraph.—200. Defects im-
puted to the French and German instrument . . . . 17

Cuap. IX,—201. Defects of the French and German instrument
removed by Lippens’ instrument,—202. Description of it.—203.
Its wheel commutator.— 204, Transmission of dispatches by it.
—205. Froment’s alphabetic telegraph.—206. Morse’s tele-
graph.—207. Froment’s writing telegraph.—208. Bain’s chemical
telegraph. — 209. Method of writing.—210. Electro-chemical
pen,—211, Metallic desk . . . . . . . 33



CONTENTS.

Cuar. X.—212, Operation of Bain’s telegraph.—213. Its com-

mutator.—214. Its extraordinary speed of transmission.—215.
Obstructions to its practical application.—216. Its prospects.—
217. Autograph telegraph.—218. House’s printing telegraph.—
219, Its operation.—220. Henley’s magnetic telegraph.—221,
Brett’s printing telegraph.—222. Celerity of telegraphic com-
munication.—228. Circumstances which affect it.—224. Com-
parative ability of telegraphists,—225. Each telegraphist known
by his manner of transmitting.—226. Easier to transmit than to
receive.—227. Pauses in transmission, —228. Rate of trans-
mission with double needle instruments worked by voltaic current.
—229. Rate with magneto-electric current . . . .

Caap. XL.—230. Illustration of the efficiency of the needle instru-

ments,—231, Rate of transmission with the French state tele-
graphs.—232. With the French railway telegraphs.—233. With
the Morse telegraph.—234. Discrepancy of reports.—235. Causes
of its celerity.—236. Rate with Bain’s telegraph.—237. Trans-
mission of music.—238. Rate of transmission with House’s
telegraph. — 239. Distance sometimes affects celerity.— 240.
Examples of distant trausmissions in U. 8.—241. Advantages of
uniform organisation.—242, Uses of the electric telegraph.—
243. Subject of dispatches.—244. Effect of the tariff.—245.
Uses of the telegraph in railway business,—246. Portable
railway telegraph.—247. Practical uses on railways.—248. Its
economical advantages . . . . . . . .

»

Crap. XII.—249. Prevention of accidents.—250. Its uses in the

detection of crime.—251. Personal and domestic messages.—
252. Electric news-rooms.—253, Telegraph extensively used in
the United States.—254. Much used for commerce.—255. Sums
paid for telegraphic dispatches by mercantile firms,—256.
Extensively used by American newspapers.—257. Illustration of
the utility for political purposes. — 258. Illustrations of its
domestic and general use.—259. Secrecy of dispatches not gene-
rally sought for.—260. Verbal ciphers of mercantile firms,—
261. Ciphers for newspaper reports.—262. Association of New
York journals,—263. Spirited enterprise of New York ¢‘ Herald.”
—264, Use of electric telegraph in determining longitudes,—
265. In producing horological uniformisy . . ..

Caar. XIII.—266. Signal time balls,—267. Electric connection of

observatories of Greenwich, Brussels, and Paris.—268. Uses of
electric telegraph in astronomical observations. — 269. In
regulating the observatory clocks,—270. In fixing with pre-
cision the time of an astronomical phenomenon.—271. Telegmphic
lines of the United Kingdom.—272. Their extent in 1854.—
273. Electric Telegraph Company.—274. Table of its lmes,
stations, &c.—275. Present Tariff (1854). . . .

PAGE

49

65

81

97



_CONTEXTS. v

. raon
Crap, XTV.—Electric Telegraph Company’s present tariff (continued).
—276. Magnetic Telegraph Company.—277. Chartered Sub-
marine Company.—278, The Submarine Telegraph Company
between France and England—279. European and American
Telegraph Company.—280. Origin of the submarine companies’
enterprises. — 281. Wonderful celerity of international cor-
respondence. — 282. Organisation of electric communications
with the Continent. — 283. Mediterranean Electric Telegraph
Company.—284. General table showing the places on the con-
tinent of Europe, which are in electric connection with each
other, and with England, and the cost of dispatches sent
between them severally and London.—285. Telegraphic lines in
the United States.—286. Vast projects in progress or contem-
plation .- . . . N . . . . . 113

Caap. XV.—-287. Telegraphic lines in British America. — 288.
Belgian lines.—289. Their extert and cost.—290. Correspondence
transmitted on them.—291. Large proportion of foreign dispatches.
—=292. Classification and proportion of dispatches.—293, Tariff.
—294, Paris telegraphic congress and convention.—295. Tele-
graphic instruments used in Belgium.—296. Language of dis-
patches. — 297. French telegraphic lines.—298. Instruments
used on them,—299. Their connection with those of other states.
—300. Repetition necessary at intermediate stations.—301. Case
of dispatches between France and England.—302. Advantages of
increased namber of wires.—303. Of instruments requiring only
one wire.—304, Organisation of the French telegraphic adminis-
tration,—305. Austro-Germani¢c Union. —306. Stations and
tariff, —307. Netherlands telegraphic lines.—308. Swiss tele-
graphic lines.—309. Italian telegraphic lines. . . . . 129

EARTHQUAKES AND VOLCANOES.

CHaP. 1.—1. Science tends to the discovery of gemeral laws—admits
no accidental phenomena.—2. Atmospheric phenomena neither
uncertain nor accidental. —3, Physical subterranean agencies.—
‘4. Convulsions incidental to the solid shell of the earth.—5.
Increase of temperature at increasing depths.—6. Central parts
in a state of fusion.—7. Depth at which this liquid state com-
mences,—8. Proportional thickness of the solid shell.—9. Surface
of the earth subject to frequent convulsions from the reaction of
the internal fluid matter on the solid shell.—10. Geological
evidences of this. — 11. Physical causes of earthquakes and
voleanoes.—12. Undulations of surface produced by the internal
fluid.—13. Their effects on buildings and other objects.—
14. Vertical and oscillatory motions.—15. Undulations propa-
gated in parallel lines—sometimes in circles.—16. Effects of the
vertical shock in the earthquake of Riobamba.—17. Examples of
circular propagation.—18. Examples of horizontal and gyratory
derangement. —19. Strong shocks sometimes felt without over-
turning buildings.—20. Gyratory earthquakes most destructive.



vi CONTENTS.

PAGE
—21. Singular displacement at Riobamta.—22. Earthquakes are
not generally attended by any peculiar atmospheric prognostics.—
23. Earthquakes most frequent at the equinoxes.—24. Well
described by Pliny and Seneca.—25. Attended by subterranean
thunder.—26. Character of these sounds.—27. Are heard at
great distances from the place of the earthquake.—28. Examples
of this.—29. Subterranean roaring of Guanaxuato.—30. Their
effects on the inhabitants. —31. Great extent over which earth-
quakes spread.—32. They affect the bottom of the ocean.—33.

Curious examples of these effects - . . . . . St

Cuar. I1.—34. Rarthquakes at Jamaica.—35. Extent of the Lisbon
earthquake.—36. Long contituance of slight earthquakes.—
37. They affect all kinds of strata.—38. They sometimes pass
over certain districts called bridges.—39. Inferior strata are
sometimes agitated when the superficial strata are undisturbed.—
40. Inferior strata sometimes undisturbed when superficial strata
are agitated.—41. Undulations often, but not always, move
parallel to mountain chains.—42. Humboldt's description of the
effects of earthquakes.—43. Number of earthquake-shocks in
England.-—44. Ejection of matter from the interior of the earth.
—45, Temperature of water in Artesian wells.—46. Temperature
indicates depth.-—47. Natural thermal springs.—48. Independent
of strata.—49. Their occasional permanency—the classic fountains
still flow.—50. From certain depths vapour only rises,—51.
Also certain gases—Artesian fire-wells,-—52, Carbonic acid—its
effects in former "states of the globe—origin of coal beds.—53.
And marbles,—54. Mud volcanoes.—55. Those of remote origin.
—56. Progressive devel t.—57. Formation of dome-shaped
mountains.—58. Crater of elevation.—59. Active voleanoes—
60. Successive stages of their formation.—61. Not uniformly or
permanently active.—62. Intervals of activity and repose.—68.
Dependent on the height.—64. Stromboli.—65. Guacamayo.—
66. Volcanoes of the Andes.—67. Exceptions explained.—68.
Eruptions often lateral.—69. Groups of small cones.—70. Re-
markable spectacle of Cotopaxi.—71. View of an active crater.—
72. BRemarkable permanence of the form of craters. —73. Effects
of snow-capped cones.—74. Cause of the fiery appearance of
ejected maitter.—75. Islands of voleanic origin.—76. Volcanic
theories . . . . . . . . . . 161

THE BAROMETER.

L. Origin of the name.—2. Conditions necessary to render the instru-
ment useful. —3. To purify the mercury.—4. To cleanse the tube.
—>5. To fill the tube.—6. To invert it in the cistern. —7. Con-
struction of a barometer.—8. Effect of temperature on the
barometric column.—9. To ascertain if the vacuum above the
column be perfect. —10. Expedients to render minute variations
of altitude visible.—11. Diagonal barometer. — 12. Wheel
barometer.,—13. Common siphon barometer.—14. Use of the



CONTENTS, vii

PAGE
barometer to measure heights.—15. Density of strata affected by
their temperature.—16. Fall of barometer in the balloon ascent
of Gay Lussac. —17. Extreme variations of the barometric
column in a given place.—18. Its diurnal variation.—19. How
it may prognosticate the weather.—20. Fallacy of popular rules.
—21. Barometric prognostics . . . . . . 177

. THE SAFETY LAMP. '

1. Introductory observations.—2. Fire-damp—Sir Humphry Davy -
invents the Safety Lamp. —3. Nature and laws of flame
investigated and discovered by him, and rendered subs:rvient to
his invention. . . .. . . . . 188

WHITWORTH’S MICROMETRIC APPARATUS . . . . 190

STEAM.

1. Power of steam manifested by natural evaporation.—2. Early
attempts at its mechanical application—Inventions of Watt.—3.
Influence of steam power on mankind.—4. Its agemcy in
commerce and the arts.—5. Analysis of its operation.—6. Com-
bustion of coals.—7. Force developed by the evaporation of
water.—8. Steam an invisible aeriform fluid.—9. Measure of
the mechanical force developed. — 10. Heat absorbed in
evaporation.—11. Latent heat of steam.—12. Effect of varying
pressure.—13. Mechanical force independent of the pressure.—
14. Force developed by expansion.—15. Force developed by
condensation.—16. Application of these three forces in steam
engines.—17. Steam may act variously on piston.—18. Furnaces
and boilers.—19. Evaporating power of fuel.—20. Means of
economising heat.—21. Prevention of loss by radiation.—22,
Inspection and reports of Cornish engines.—23. Greatly improved
efficiency.—24. Actual mechanical virtue of coals.—25. Illustra-
tions—Pyramids of Egypt.—26. Menai Bridge.—27. Railway
engines. — 28, Exhaustion of coal mines improbable. — 29,
Prospects of scientific discovery . . . . . . 103









THE ELECTRIC TELEGRAPH.

Meritorious inventions sometimes neglected. —179. Needle instruments
generally used in England.—180. Single needle instrument.—181.
Double needle instrument.—182. Old aerial telegraph.—183. French
State telegraph.

163. THE momentary currents in the one direction or in the
other will, therefore, be produced upon the wire connected with
the extremities of the coil, such as have already been described,
each time the poles, X and s, are presented to and withdrawn
from the ends, @ and b, of the horse-shoe of soft iron. If the
magnet, N 0 8, were mounted so as to revolve upon an axis passing
through the centre of its bend, and therefore midway between its
legs, its poles might be made to pass the ends of the horse-shoe,
the latter being stationary. During each revolution of the
magnet, N o8, the poldrity imparted to the horse-shoe would be
reversed.

‘When the pole X approaches 4, and consequently s approaches a,
south polarity will be imparted to 5, and north polarity to a;
and when N passes a, and consequently s passes b, south polarity
will be imparted to a, and north polarity to b.

The momentary currents produced by these changes of mag-
netism in @ and & will be easily understood by what has been
explained. When N approaches b, and s approaches a, the com-
mencement of south polarity in 4, and north polarity in a, will
both impart to the wire a current in the same direction, because
the coils of the spiral as presented to s will be the reverse of
those presented to X, When N departs from b, and s from a, the
cessation of south polarity in b, and of north polarity in a, will
impart currents in the same direction to the wire, but this
direction will be opposite to that of the former currents.

‘When x approaches a, and consequently s approaches &, cur-
rents will be imparted to the wire whose direction will be the
same as that of those produced by the departure of X from b, and
of 8 from a. 'When X departs from a, and s from 5, currents will
be produced in the same direction as when N approaches & and 8 *
approaches a.

If the direction of the currents produced when X approaches
b, and s approaches a, be indicated by an arrow directed to the
right, and that of those produced when N departs from 3, and s
from a, by an arrow directed to the left, the changes of direc-
tion which take place in each revolution of the magnet Noc,
wil be such as are indicated in fig. 63, where b and a
represent the ends of the horse-shoe, b a; N the position of the
pole in approaching, and N’ in departing from 5, and X" its
position in approaching, and N» in departing from a. The
arrows directed to the right express the direction of the two

2



MAGNETO-ELECTRIO INSTRUMENT.

currents which are produced upon the conducting wire, while ¥
makes the half revolution X"/ w’ ~; and the arrows directed to

Fig. 63.
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left express the direction of the two currents produced, while ~
makes the half revolution N’ M N”,

Thus it appears that in each revolution of the magmet, N 0 s,
four momentary currents are produced in the wire, two in one
direction during one semi-revolution, and two in the contrary
direction during the other semi-revolution. In the intervals
between these momentary currents there is a suspension of voltaie
action,

164, It has been already shown how electric currents may be
instantaneously suspended, re-established, and reversed in their
direction by means of commutators (111). By such an expedient
properly adapted, it is easy to understand that by suspending the
ourrents in one of the two contrary directions, while the other is
allowed to pass, an intermitting current always running in the
same direction may be obtained. Or if the commutator be so
adapted that while the momentary currents in one direction are
allowed to run without interruption, those in the other direction
shall be reversed, we shall then have in each revolution four
momentary currents flowing in 2 common direction. The current
thus produced will be intermitting, that is, it will pass upon the
wire by a succession of pulsations or intervals of transmission and
suspension, but since in each revolution of the magnet there are
two pulsations,—that is, two intervals of transmission and t;vo of
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suspension,—and since the rotation of the magnet may be made
with any desired rapidity, it follows that the pulsations will
succeed each other with such celerity, and the intervals of
suspension will be so brief that for all practical purposes the
current will be continuous.

165. Such are the principles on which is founded the construction
of magneto-electric machines, one form of which is represented in
fig. 64 (page 1). The purpose of this apparatus is to produce by
magnetic induction an intermitting current constantly in the same
direction, and to contrive means by which the intervals of inter-
mission shall succeed each other so rapidly that the current shall
have practically all the effects of a current absolutely continuous.

A powerful compound horse-shoe magnet, A, is firmly attached
by bolts and screws upon a horizontal bed, beyond the edge of
which its poles @ and b extend. Under these is fixed an electro-
magnet XY, with its legs vertical, and mounted so as to revolve
upon a vertical axis, The covered wire is coiled in great
quantity on the legs x ¥, the direction of the coils being reversed
in passing from one leg to the other.

The two extremities of the wire proceeding from the legs x and
Y are pressed by springs against the surfaces of two rollers, ¢ and
d, fixed upon the axis of the electro-magnet. These rollers them-
selves are in metallic connection with a pair of handles p and n,
to which the current evolved in the wire of the electro-magnet
X Y will thus be conducted.

If the electro-magnet X Y be now put in rotation by the handle
m, the handles P and N being connected by any continuous con-
ductor, a system of intermitting and alternately contrary currents
will be produced in the wire and in the conductor by which the
handles P and N are connected. But if the rollers ¢ and d are
80 contrived that the contact of the ends of the wire with them
shall be only maintained during a semi-revolution in which the
intermitting currents have a common direction, or so that the
direction during the other semi-revolution shall be reversed, then
the current transmitted through the conductor connecting the
handles P and N will be intermitting, but not contrary; and by
increasing the velocity of rotation of the electro-magnet x ¥, the
intervals of intermission may be made to succeed each other with
indefinite celerity, and the current will thus acquire all the
character of a continuous current.

The forms of commutators by which the rollers ¢ and d are
made to break the contact, and re-establish it with the necessary
regularity and certainty, or to reverse it during the alternate
semi-revolutions are various.

166, All the usual effects of voltaic currents moy be produced
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ELECTRO-CHEMICAL EFFECTS.

with this apparatus, If the handles P and N be held in the
hands, the arms and body become the conductor through which
the current passes from P to N. If x Y be made to revolve, shocks
are felt, which become insupportable when the current has a
oertain intensity.

If it be desired to give local shocks to certain parts of the
body, the hands of the operator, protected by non-conducting
gloves, direct the knobs at the ends of the handles to the parts
of the body between which it is desired to produce the voltaio
shock.

167. For telegraphic purposes it will be sufficient to place the
line wire in connection with one of the handles P or N, while the
other handle is in connection with the earth. A current will then
be transmitted on the line wire which will be intermitting, but
which may be rendered continuous by a combination of magneto-
eleotric machines.

168. It remains, in fine, to show how the chemical properties
of the electric current can be made to supply the means of trans-
mitting signals between two distant stations.

‘When a current of adequate intensity is made to pass through
certain chemical compounds it is found that these are decomposed,
one of their constituents being carried away in the direction of
the current, and the other in the contrary direction.

169. One of the most striking examples of the application of
this principle is presented in the case of water, which, as is
well known, is a compound of the gases called oxygen and
hydrogen. :

Let us sappose that a series of cups, ok, fig.65, containing water are
placed so that an electric current shall pass successively through
them, commencing at the wire P and passing at o into the first

Fig. 65.

cup; thence through the water to 5, and from 4 along the wire I
to o in the second cup; thence in like manner through the water
to A, and then along the wire I’, and so on to N, the wire P being
supposed to be connected with the positive pole of a battery, and
the wire ¥ with its negative pole. The current will therefore
flow from P to N passing through the water in each of the cups.
Under such circamstances the water will be gradually decomposed
in each of the cups the particles of oxygen moving agmns: the
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ocourso of the current, and those of hydrogen moving with it, the
former are ovolved at the points o, and the latter at the points A.

170, To show how this property of the current may be made to
produce visible marks or signs, let us suppose a sheet of paper
wetted with an acidulated solution of ferro-prussiate of potash
to bo laid upon a plate of metal, and let the point of a metallic
stylo be applied to it so as to press it gently against the metallic
plate without piercing it., Let the style be now put in metallis
conncction with the wire which leads to the positive pole of &
voltuio battery, and let the metallic plate upon which the paper is
laid bo put in connection with the wire which leads to the
negative pole. The current will, therefore, flow from the style
through the moistened paper to the metallic plate, and it will
decompose the prussiate, one of the constituents of which deposited
on tho paper will mark it with a bluish spot.

1f the paper be moved under the style while the current flows,
this decomposition being continued under the point of the style 2
bluish line will be traced upon the paper.

If while the paper is thus moved uniformly under the style,
the current is permitted to flow only during intervals long
or short, the paper will be marked by lines long or short,
according to the intervals during which the current flows; and,
since no decomposition takes place during the suspension of the
current, the paper then passes under the style without receiving
any mark. If the current be permitted to flow only for an
instant, tho paper will be marked by a dot. The long or short
lines and dots, thus traced upon the paper, will be separated one
from another by spaces more or less wide according to the lengths
of tho intervals of suspension of the current.

It is ovident that the same effects will be produced, whether
the stylo be at rest and the paper moved under it as is here sup-
posed, or the paper be at rest and the style moved over it.

171. The paper may be moved under the style by various and
obvious mechanical expedients. Thus it may be coiled upon a
cylinder or roller, which being kept in constant and uniform
revolution by clock-work or other means, the paper would be
carried continually under the style, and unrolled from the cylinder
after receiving the marks. Or the cylinder covered with paper
might, while it revolves, receive a slow motion in the direc-
tion of its axis, so that the course of the style upon it would
be that of the thread of a screw or helix. The paper might be
out into the form of a large circular dise, and laid upon a metallic
disc of equal magnitude, to which a motion of revolution round
its centre in its own plane might be imparted by clock-work ;

while the style might receive a slow motion directed from the
(]
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eentre of the disc fowards its edge. In this case the style would
trace a spiral curve upon the paper, winding round it continually,
and at the same time retiring constantly but slowly from its
oentre towards its edge.

172. 'Whichever method might be adopted, the paper would be
marked with a continuous succession of combinations of lines of
varying lengths and dots, separated by spaces more or less wide.
These marks depending altogether on the succession of intervals
of suspension and transmission of the current, which intervals can
be varied and combined at will by an operator supplied with the
means of controlling the current which have been already ex-
plained, it will be easily conceived that an agent at s can trace
upon paper placed at 8" in the manner here described such a
succession of characters composed of lines and dots as he may
desire ; and that an operator at s”, being supplied with a key,
may interpret these characters, and thus translate the communi-
cation into ordinary la.nguage

It is also easy to conceive that the agent at s can stop'the elock-
work which moves the paper at s” or set it going at will, in the
same manner as he can ring a bell or discharge a cannon.

173. It has been already explained that the intensity of the
current transmitted by a given voltaic battery along a wire of
given. thickness must decrease in the same proportion as the
wire increases in length. This loss of intensity. due to the
length of the wire is increased in the practical operation of the
telegraphs by the loss of electricity arising from imperfect insu-
lation and other inevitable causes. It has therefore become a
matter of great practical importance to discover expedients by
which the intensity of the current may be re-established, or by
which the apparatus may be worked by a very feeble current.

It was obvious that the intensity might be maintained at the
necessary degree of force by providing, as already stated, relay
batteries at intermediate stations sufficiently near each other to
prevent the current from being unduly enfeebled. But the main-
tenance of such numerous batteries in cases where great distances
must be traversed is expensive, and it was desirable to discover
some more economical expedient.

174. The properties of the electro-magnet have supplied the
means of accomplishing this.

The lever g & (fig. 58) may be constructed so light and so free,
that it will be capable of being moved by a current of extremely
feeble intensity, But if this lever were charged with any of the
functions by which it would become an instrument for giving
signals, such as the ringing of a bell or the motion of a style or
pencil, it would be necessary to impart to the electro-magnei; and
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its other appendages much greater power. So long, however, as
no more is required than to make it oscillate between the stops
¢ und #, it may be constructed and mounted so as to be moved by
the most fecblo degree of magnetism imparted to m m’ by a
ourrent of extremely low intensity.

Now let us suppose the axis o of the lever g % to be in me-
tullio cunnection with a voltaic battery placed near to it at the
station ', and let the stop ¢ be in connection with the conducting
wire which extends to another more distant station s”. When
the end g of the lever is brought into contact with the stop #, the
ourrent produced by the battery at & will flow along the con-
duoting wire to »"; and when the lever deserts the stop #, and
is thrown upon ¢, the contact being broken, the current is
suspended.

Now it is evident that by this means the original current
flowing from thoe battery at the station 8 to the station &' is the
maeans of culling into action another current, which flows from the
relny battery at the station &’ along the conducting wire to the
station »”, and that the intensity of this current willnot be affected
in uny way by that of the original current from s to s, but will
depend sololy on the power of the relay battery at s/, and the
longth of the conducting wire from s to &,

In the same manner another relay battery may be provided at
8", and so on,

In this sucocssion of independent currents, those only which
have signals to work need to have a greater intensity than that
which is suficient to give motion to a light lever, such as we
have deseribed above.

1t will be evident also by what has been stated that the pulsa-
tions given to the original current at s, and the succession of
intervals of transmission and suspension will be reproduced with
the most absolute precision in all the succeeding currents, so that
ull signals which depend on these intervals of transmission and
suspension will be made at the final station as promptly and
exuotly as if the original current from s to s’ had been continued
throughout the entire line of communication with all the neces—
sary intensity.

175. The lines of electric telegraph which have been constructed
and brought into operetion in different parts of the world, like
the lines of railway, have been established in some by private
companies, and in others by the state. In the United Kingdom
and its dependencies and in the United States they have been in.
all cases established by-the enterprise and capital of joint-stock
8
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companies chartered or incorporated by the legislature, subject to
certain conditions. On the continent of Europe generally they
have been constructed and are exclusively worked by the state,
but are placed under specified conditions and subject to regulated
tariffs at the service of the publie.

176. The forms of telegraphic instruments to which a preference
has been given, in different countries are very various. In the
United Kingdom and the United States, the several joint-stock
companies by whom telegraphic lines have been constructed, have
been generally formed by the friends and partisans of the inventors
of particular telegraphio instruments, of which the companies
have become severally the patentees. To these instruments they
naturally have given a preference, in some cases irrespective of
their merits, and as a necessary consequence every such company
is more or less opposed, as well by interest as by prejudice,
to other inventions and improvements. It has been a matter
of complaint that such companies have sometimes become the
purchasers of patented inventions for no other purpose than that of
their suppression; and it is easily conceivable that a company
having an extensive establishment in profitable operation may
find it more advantageous to maintain their existing apparatus
than to put them aside for others even of very superior efficiency.
This is, after all, no more than what has occurred in the progress
of all great inventions and improvements.

177. National feeling has, however, also had a considerable
influence on the selection of the forms of telegraph adopted in
different countries. T'us we find the telegraphs adopted in
England exclusively English inventions ; those generally adopted
in France, French inventions ; and those adopted in the United
States, generally American inventions.

178. Amidst those conflicting motives directing the choice of
companies and of governments, several inventions of great merit.
have necessarily been either wholly neglected, or bought up and.
wilfully suppressed, or in fine, brought into operation on a very
limited scale.

The vast resources supplied by the discoveries by which physical
science has been enriched since the beginning of the present
century, and the fertility of genius directed to the application of
these resources in all countries, has produced a swarm of inven-
tions, even the least efficient of which possess great merits on the
score of ingenuity and address in the application of physicak
principles. Our limits, the purposes to which this series is
directed, and the large and various classes to which it is.
addressed, compel us to pass without notice many forms of
telegraph which have been contrived and constructed. We Soal\

)
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therefore confine our observations to those apparatus which have
been actually employed on the telegraphic lines established in
different countries, and a very few others which appear to claim
more especial attention.

On the claims of various projectors on the score of original
invention, we must generally decline to enter. To discuss such
questions so fully as to render justice to the claimants would
require much more space than we can devote to the subject; and
however interesting such a discussion might be to the inventors
themsclves and their partisans, it would offer but few attractions
to the masses to whom our ¢‘ Museum” is addressed.

‘We shall therefore first explain briefly the forms of telegraph
generally applied in this country, and next those which are in
operation elsewhere.

179. The telegraphic instruments used almost exclusively in
this country are galvanometers (138), which make their signals
by means of the deflections of magnetic needles, produced by the
electric current.

These instruments are of ‘two forms, the first, and most simple,
consisting of one needle with its appendages and accessories, and
the other of two independent ncedles, each accompanied by its
own appendages.

THE SINGLE NEEDLE INSTRUMENT.

180. This instrument consists of a galvanometer and a commu-
tator, mounted in a case rescmbling in form and size that of an
ordinary table time-piece.

A front view of it is given in fig. 66 (vol. iii. p. 161). On the
upper part is a dial, in the centre of which the indicating needle
- appears, like the hand of a clock, fixed upon an axis, Its play
to the right and left is limited by two ivory studs inserted in the
face of the dial, a short distance on cach side of its upper arm.

The handle which works the commutator, also fixed upon an
axis, is presented at the lower part of the case, under the dial.

Upon the dial are engraved the letters of the alphabet, the ten
numerals, and one or two arbitrary symbols, under each of which
is engraved a mark, indicating the motions of the needle, by
which the letter or figure is expressed.

The galvanometer, constructed as already explained (140), is
attached to the back of the dial, the axis of its magnetic needle
passing through the dial and carrying the indicating needle in
front.

The latter is also usually magnetic, its poles being reversed in
their direction with relation to those of the interior needle, the

10
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effect of which is, that the current transmitted through the gal-
vanometer has a tendency to deflect both needles in the same
direction. The indicating needle, however, need not be magnetic.
If it be sufficiently light, being free from magnetism, it will be
carried by the axis to the right or left against the studs,
by the deflections of the galvanometric ncedle which plays
within the; coils of the galvanometer, -to-which it is always
parallel.

In connection with the instrument there are, as usual, an alarum
and a galvanic battery.

By the commutator, the current produced by the battery may
be transmitted upon the line-wire, or suspended or reversed in its
direction, according to the position given to the handle. If the
handle be vertical, as represented in the figure, the current is sus-
pended, the arrangement of the commutator being then such as to
cut off all communication between the battery and the line-wire.
If the upper arm of the handle be turned to the right, the battery
will be connected with the line-wire, on which accordingly the
current will be transmitted. If the upper arm be turned to the
left, the battery will still be connected with the line-wire, but
with its poles reversed, so that the direction of the current on the
line-wire will be reversed.

The mechanical form of the commutator, by which these changes
of connection are made is different from that explained in (111),
but the principle is the same, and the variation of the details are
unimportant.

To comprehend the practical operation of the instrument, we
are to consider that similar instruments, with similar accessories,
are placed at each of the stations, between which dispatches are
to be transmitted. To render the explanation more clear, let s
and ¢, fig. 67, be the two stations, o and o’ the dials, ¢ and ¢’

L % Fig. 67. o
P
LONT
C :_‘_ Acl

the handles of the commutators, and B and B’ the galvanic
batteries. If it be intended to send a dispatch from s to s, the
arm of the commutator, c, is left in its vertical position, so that

no current can pass from the battery, B, to the line-wli;e, L.
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When the arm of ¢’ is vertical, no current can pass from »’ to 1,
and consequently the necdle of o will remain in the vertical
direction, without deflection. If the upper arm of ¢’ be turned to
the right, r, the current from B’, passing along L, will flow through
the coil of the galvanometer at s, and will deflect the indicating
needle to the right, so that it will lean upon the right hand stud, =.
If ¢’ be then turned back to the vertical direction, the current
will be suspended, and the ncedle at s will return to the point o.
If the upper arm of ¢’ be then turned to the left, /, the current
will be again transmitted upon the line-wire, L, but in a direction
contrary to its former course, and thus passing through the gal-
vanometer at 8, in a contrary direction, the needle, which was
before deflected to the right hand stud, ®, will now be deflected to
the left hand stud, L.

Thus, it appears, that according as the upper arm of ¢’ is turned
to the right or left, or placed in the vertical position, the needle
on the dial ats, is also turned to the right or left, or placed in
the vertical position.

In a word, whatever position is given to the handle of the com-
mutator at &', a corresponding position is assumed by the indicat-
ing needle at s, and these changes of position of the indicating
needle at s, are absolutely simultaneous with the changes of
position of the handle of the commutator at s'.

The manner of expressing the letters and figures, is by making
repeated deflections of the needle right and left, making a short
pause at the end of each letter signal. Thus two deflections to
the left express A; three, B; four, ¢; while one expresses the
completion of a word. One to the right expresses m; two, N
three, 0; and four, . In the same manner, L is expressed by
four deflections, which are, successively, right, left, right, and left,

As these signs are purely arbitrary, and may be changed in
every independent telegraph, it is not necessary here to notice
them further.

Besides the signals which express letters and figures, it is usuak
to adopt others to express words or phrases of very frequent
occurrence, such as, I don't understand, I understand, wait, go
on, repeat, &e.

It is usual, though not necessary, for the agent who sends a
dispatch, to pass the current through his own instrument, so that
his indicating needle shows emctly the same deflections as the
indicating needle of the station he addresses. Thus, when s’
addresses 8, his own indicating needle, 0’, speaks as well as the
indicator, o, of the station, s.

All that has been stated in (111) ef seq. of the transmission of
the same despatch through a series of stations, of cutting off the

12
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transmission from all stations except that to which it is exclusively
addressed, of the use of the alarum, &e., is applicable, without any
important modification to this form of telegraphie instrument.

THE DOUBLE NEEDLE TELEGRAPH.

181. This is nothing more than two single needle telegraphs,
such as has been just explained, mounted in the same case, their
indicating needles playing side by side upon the same dial, and
the handles of their commutators placed so that they can be con-
veniently worked at the same time, by the right and left hand of
the telegraphic agent. Each instrument is altogether inde-
pendent of the other, having separate accessories, and transmit-
ting its current upon a separate line-wire.

The purpose of this form of instrument is merely to accelerate
the transmission of dispatches, by enabling the agent to produce
the signals expressing letters and figures in more rapid succes-
sion. In the single instrument there are only {wo signs made by
one deflection of the needles, viz., a deflection to the right and one
to the left. In the double instrument there are eight such signs,
viz., two with each needle, as in the single instrument, and four
obtained by combining the deflections of the two needles. Thus,
if o express the position of the needle without deflection, r, a
right hand, and / a left hand deflection, and R the right hand,
and L the left hand needle, the following eight signals may be
made in the time of a single motion of either needle.

L R

r ) 0

l 0
(. —

0 r

0 l
’ r ) ) r

_ - I S 4

l l
i r l
: l | r

_With a single needle two deflections can only make four signals,
viz.,, rr, I}, rl, Ir. But with two needles, these being combined
13
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Thus, for each swing of the anchor, the indicator makes one
motion forward, and as the escapement wheels have each only
four teeth at equal distances, one complete revolution of these
wheels must cause the indicators to make a complete revolution by
eight distinet motions, produced by the four swings of the anchor
to the right, and the four swings to the left. .

During a revolution of each of the escapement wheels, therefore,
each of the indicators takes successively the eight positions
required in the proposed system of signals, and since the motions
of the indicators are governed by the anchors, those of the
anchors by the armatures of the electro-magnets (154), and those
of the electro-magnets by the successive pulsations of the electric
current, it follows that if it can be contrived that commutators at
one of the stations shall govern the pulsations of the ‘current at
the other, they will necessarily govern the motion of the indicators
at that other station.

At the upper corners, right and left of the front of the case, are
two dials, in the centre of which are axes, which act, when turned,
upon the springs which draw back the armatures of the two
electro-magnets, and near them keys for their adjustment are sus-
pended by chains, The springs are raised or relaxed, according
as the keys are turned in the one direction or the other.

Under the indicating arms are two axes with square ends, by
which the two systems of clock-work can be wound up, which is
done by the same keys.

16
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—192. Its mode of operation.—193. How errors are corrected.—194.
Explanation of the mechanism,—195. Comparison with the French
telegraph.—196. Indicating mechanism,—197. Simplicity greater than
the French instrument.—198. Requires greater intensity of current.—
199. Belgian railway telegraph.—200, Defects imputed to the French
and German instrument.

184. IT remains, therefore, to show the manner in which the
pulsations of the current are governed by the commutator.
One of the commutators is represented in fig. 71.
The handle M is fixed upon an axis which turns in the centre of
a fixed dise D, the edge of which is divided into eight equal parts
by small notches. A short pin

Fig. 7L projects from the handle which
X falls smecessively ~into these

notches, but which can be with-
drawn from them when it is re-
quired to turn it. On the remote
end of this axis a dise is fixed,
which turns with it, in the face of
which a square groove is cut,
rounded at the eorners, in which
a pin projecting from a short
lever 7 is moved. This lever /is
fixed on the axis ¢ ¢, upon the
other end of which is fixed the
lever L, the lower end of which
carries a small piece of metal r,
which, when the lever vibrates
right and left, is thrown alter-
nately against the contact-pieces
X and X

Supposing that the commutator
is placed at the station s, the
line-wire which comes from the
. station & enters the foot, and is
held there by a tightening serew A. This wire is in metallic con-
nection, through the pillar, with the lever L, and consequently
with the piece of metal at its lower end, which oscillatés between
the contact-pieces k and x’. This piece of metal, r, may therefore
be considered as virtually the extremity of the conducting wire
between the stations s and 8. ‘

Attached in like manmer, by tightening-screws, to the two
contact-pieces X and K’ are two wires, one of which is connected
with the battery, and the other with one end of the coll-wire of
the electro-magnet, in the indicating instroment of the station s.

18 . ’
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Tn like manner, it may be shown that when the arm M is moved
from the notch 3 to the notch 4, the indieator at s’ will be ‘moved
from the horizontal position to one which will make an angle of
135°, with its original direction, or what is the same, 45°, with the
pontwn in which it would point directly downwards.

Without pursuing this explannhon further, it will be easy to
sée that the successive positions assumed by the hand of the
indicator at s’ correspond with those given to the arm m of the
commutator at 8.

‘We have here explained the action of one oommnﬁntor at s upon
one indicator at'®. The actionof the other commutator at s upon
the other indicator at s’ is precisely the same. It must be under-
stood, that tlie two commutators at 8 are connected with separate
and independent line-wires, ate supplied with separate and inde-
pendent batferies, and act upon separate and mdependent indieators
at #, The right-hand commutator at 8 is connected with the

right-hand indicator at #, and the left~hand commutator with the
lefl;-hand indicator. . .

From what has been explmned, the Process necessary, as well
for receiving as for transmitting ‘a despatoh will be understood.
In the reception of a despatch, the agent has only to place the
handle of his commutator in noteh 1; and to see that his indicator
is vertical. After thut he has only to observe the sucoessive
nthtuﬂesmumedbythetwomdmators upon the dial before him,
and to write down the letters they sucoessively express.

" Since this form of telegraph gives 64 signs, while 26 are suffi-
cient, for the alphabet, and 10 for the numerals, there are 24 signs
disposable for abridgements, such as syllables, words and phrases
of most frequent ocourrence.

187. The battery emplmem working these telegraphs is at
present invariably that of 1 (32). Formerly Bunsen’s battery
(34) was used at chief stations, wharegmtpuwarmoﬁenroqmred
but this has now been discontinued.

Between the point x* andthebatteryaoommutntor is placed, by
means of which the agent can bring into action a greater or less
number of the pairs composing the battery, so as to proportion the
power to the distance to which the current is to be transmitted, or
totheremshnoeltmayhavetoovemme

A perspective view of the telepaphm instrument, showmg the
two indicators and two commutathrs, in their respective positions,
is glven in fig, 72(vol. iii. p. 193).

FREKOI RAILWAY TELEGRAPH,

188, The telegmphs which eonvey letters or words by conven-
twml ngnals like those described above, Tequire o ol of agents
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the hand wpen the dial at the station to which the message is sent -
will alse turn to the letter W, snd in this way, by merely directing
the hand suceessively to the letters of a word, paunsing a little
while at each letter the word will be spelled to the agent at the
distant station.

AR alphabetic telegraphs, whetever be their form or construc-
tion, convey the communications in this manmer.

The me-nmmmmm
the state telegraph. The indieator in the latter makes a complete
revelution by eight succemive sleps, moving ia each step through
an angle of 45°. If the alphabet comsisted of omly eight letters,
this wonld af once become an alphabetie telegraph by fixing the
indieator in the cemtre of a dial wpon which, at equal distances
asunder, the cight letters are eagraved. But since the French
alphabet consists of 25 letters, and sinee an additional sign is fonnd
convenient, the dial is divided into 26 equal ares instead of eight,
and the indicator makes a complete revoletion by 26 equal motions;
st the termination of these motions respectively pointing to the
]:&:nmguni the dial.

ﬂm,th escapemaent wheel is comstructed with
lsteethmshddi,thmqn the moveable disc of the
commutator has 13 simecus undulstions insteed of 4 sides with

+
putofﬁn&dhh&mwbm&eﬁuofthe
moveable disc, with the sinuous groove behind the fixed disc.
lever @ is visible, with its pin in the groove, and the oscilla-
ﬁnnoftheendofﬂlelammnbetmﬁmmhct-peoes,
as that deseribed in 133 and

is keyed upon an axis which,
i of the fixed dial, is itself keyed into

the centre of the moveable glwnd dial behind it, #o that when
22
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indicator, which corresponds with it in form, is placed like the
dial of a clock in front of a vertical case.

If we suppose the commutator (fig. 73) at the station s, and the
indicator at &/, the arm of the commutator and that of the indi-
cator being upon the mark +, any motion of the former- made in
the direction of the band of a clock, will produce a corresponding
motion of the hand of the latter, so that whatever letter or

"mumber the one points to, the other will at the same time
point to.

By this means the agent at 8 may spell word after word to the
agent at 8’. -

There are various conventional signs, made by two or more
complete turns of the handle of the commutator, which, being
altogether arbitrary, and matters of local convenience, need not be
noticed here.

It is found that moderately well-practised hands can transmit
with this instrument forty letters per minute, while the most
expert can send as many as sixty.

A side view of the wheel-work and electro-magnet, E, of the
indicating apparatus is given in fig. 75.

The armature, P, is alternately attracted and dismissed by the

¥ig. 75.

magnet, acted -on by the pulsations of the current, and imparts
this motion to the escapement at ¥, by which the hand A of the
indicator is advanced from letter to letter upon the dial, so that
the motion of the hand A at the station ' shall correspond exaetly
with that of the hand of the commutator st fhe stakion s.
24
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obtaining greater celerity of communication by means of a greater
variety of signals.

GERMAN RATLWAY TELEGRAPH.

190. The telegraphic apparatus used for the service of the
Prussian railways, and for most of those of the German states, is
one for which a patent was obtained by M. Siemens, of Berlin.

191. This apparatus consists of an indicating dial surrounded
by the alphabet, upon which a hand moves, similar in form and
external appearance to the indicating dial of the French railway
telegraph already described (188), but placed upon a horizontal
table instead of being vertical, as in the French telegraph. This
dial is surrounded by a circular key-board, as shown in fig. 76,
having as many keys like those of a piano-forte as there are
characters upon the dial, the letter engraved upon each key being
identical with that with which it corresponds in position upon the
dial.

192. A lever, ab, is placed upon the table, turning upon the
centre b, and limited in its play by two stops, T and 2. When it
is turned against T, the line-wire is put i, connection with the
indicating apparatus, and when it is turned against B, that wire
is put in connection with an alaram. A current, therefore, which
is transmitted along the line-wire can be made to pass through the
indicating apparatus or through the alarum at will, by giving to
the lever a b the one position or the other.

The usual means are also provided by which the current may be
allowed to pass the station withont going through either the
alarum or the indicating apparatus, or by which it may be stopped
at the station and turned into the earth. In fine, sll the pro-
visins common to telegraphs in general, which have been
explained in 112, ef seq., are provided.

‘When no current passes upon the line-wire, and the instruments
are not in operation, the lever a b at each station along the line is
placed against B, so that the line-wire is everywhere in connection
with the alarum.

If it be desired to transmit a despatch from any station, s, the
agent at that station puts the line-wire in- connection with the
poles of his battery, so that a current may be transmitted to all
the stations upon the line. This current rings all the alarums,
inasmuch as the arms a b are placed dgainst B at all the stations.
The agents at the stations being thus called, remove the arms, a b,
of their several instruments, and place them against the stops, T,
the agent at the station s doing the same.

Previously to this, when the instruments were in repose the
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indicating hands, n, in all of them were placed upon the division
of the dial marked +. The moment the arms, a b, or any of
them, are placed against the stops T, the current transmitted apon
the line-wire passing through the several indicating instruments,
the indicating hands in all the instruments will commence simul-
taneouslyto moveround theseveral dials. They will move from letter
to letter with a starting and interrupted, but regular motion, like
that of the seconds hands of a clock, but much more rapidly. The
rate at which they are moved will depend on the force of the
current, but, whatever be the rate, it will be common to all, all
making successive revolutions of the dial precisely in the same
time, and moving together from letter to letter with the most
absolute simultaneity, and since they all started from the same
point +, and move together from letter to letter, it follows that,
whether their motion be quick or slow, they will all at each
. moment point to the same letter.

Now, it is important here to observe, that this common rotation
of all the hands upon all the dials is produced and maintained by
the current alone, without any manipulation whatever on the part
of any agent at any station, and it would continue to be main-
tained indefinitely, provided that the battery were kept in action.

‘We have supposed the battery at the station s, from which the
despatch is about to be transmitted, to be alone put into connection
with the line-wire. But, in order to strengthen the current, each
agent on the line, when he receives the sigmal, also puts his
battery in like connection with the line-wire, so that the current
acquires all the intensity which the combined action of all the
batteries on the line is capable of producing.

The apparatus is so arranged that, in all cases, the galvano-
meter, d, is in connection with the line-wire, so as to indicate .at
all times at each station the state of the current.

It now remains to show how a despatch can be transmitted from
any one station to all or any of the other stations on the line.

The apparatus is so comstructed, that if the agent at any
station presses down any one of the keys surrounding the dial,
the indicating needle, upon arriving at that key, will be stopped ;
and at the same moment the current upon the line-wire will
be suspended. This suspension of the current will also, at the
same moment, stop the motion of all the indicating hands upon all
the dials on the line. The agents at all the stations will therefore
see and note the letter on which the transmitting agent has put
his finger. The transmitting agent, after a sufficient pause,
transfers his finger to the key of the next letter he desires to
transmit. The moment he raises his finger from the first key the

current is re-established on the line-wire, and ol the indicating
28
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In each instrument the armature is in connection with a toothed
wheel, upon the axis of which the hand m » (fig. 76) is keyed, %
-that each vibration of the armature puts: forward one tooth of the
wheel, and advances the hand n from one letter to another. '

195. Upon comparing this arrangement with that of the French
-telegraph, it will be peroeived that here the mainspring and wheel-
work which moves the indicator are altogether- omitted, and the
armature of the electro-magnet, which in the French instrument
only regulates the motion of the indicator, here both moves and
-regulates it. In fine, the armature here dmnhnges at onoe the
-functions of the mainspring, and of the pendulum of a clock.

It will also be observed that the manipnlation of the transmitting
agent, by which he moves the indicators on the dials of the distant
-gtations, is dispensed with, the current itself, through the inter-
vention of the armature of the electro-magnet, imparting to the
indieator a constant motion of rotation without any mnmpulnho
‘whatever.

That part onlyof the manipulation by which the indieator is
:stopped for & moment successively at the letters of the word intended
-to be transmitted, is retained, andthatmmcfadbyfhaacﬁonof
‘the keys surrounding the dial. .

196. Under the dial, a radius or arm is keyed uponthsamon
which the indicating hand is fixed, so as to be always immediately
‘under that hand and parallel toit, revolving umulbmsonulyvnﬂx it.
This radius is a little longer than the indicating hand, and extends
-under the keys surrounding the:dial. From the under-surface of
-each key & pin projeots, the length of which is such that when the
‘key is not pressed down, the radius passes freely under it; but
when the key is pressed down, the pin comes in the way.of the
radius, and stops it when the indicating hand # arrives at the
letter engraved on the key. By the action of the shme pin the
-armature o g (fig. 77) of the electro-magnet is arrested in its return
from # to Z, 8o as to be prevented from arriving at £. The current,
therefore, is prevented from being re-established on the line-wire,
as it would be if g o were permitted to come into contact with .

Thus it will be understood how by putting down a key the two
desired effeots are produced. 1st,.the stoppage of the indicating
needles at the letter engraved on the key of the indicator on which
such key is put down; and 2nd, the simultaneous: suspension of
the currint along the entire telegraphio line, by which the indi-
i:atmg needles of all other mstmments are atopped at the same

etter.

197, This apparatus, compared mth the French telegraph, to
which it has an obvious analogy, has the advantage of greater
anmphelty By dispensing with the maingpring and its necessary
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the line-wire upon which it is transmitted, the more or less perfect
state of the insulators, and in fine on the weather.

If the current become so feeble that the attraction of the
magnet is less than the force of the spring s, the armature g o will
remain upon the stop ¢, from which the magnet-is too feeble to
remove it. If, on the other hand, the spring have not sufficient
force to overcome the friction and inertia of the armature g o, and
the small portion of magnetism which may be retained by the
electro-magnet after the current has been suspended, the armature
will remain upon the stop ¢, the spring being unable to produce
its recoil.

Since therefore the forces against which the spring s acts, and
which it ought to exceed, and those which act against it and
which ought to exceed it, are variable, it is clear that the mainte-
nance of the efficiency of the apparatus requires that the spring s
shall from time to time be adjusted, so as to be kept in that
relation to its antagonistic forces, which are necessary for the due
performance of the telegraph.

It has been already shown that very sufficient and very simple
means of adjustment for this purpose have been supplied in
the French telegraphs, The hands which appear in the upper
corners of the instrument (fig. 70) are intended for this purpose,
and being turned by the key, the springs connected with them are
increased or diminished in their foree, according as the key applied
to them is turned the one way or the other. Similar adjustments
are provided in the German instruments.
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The apparatus of M. Lippens, which is now used for the servie
of the Belgian railways, is exempt from these defects.

Like M. Siemens, M. Lippens rejects the mainspring and its
appendages adopted in the French telegraphs, and charges the
ourrent itself with their functions. He retains, however, the
commutator, and imparts the pulsations to the current by the
hand of the agent applied to a lever or winch, which is moved
exactly like the arm of the commutator of the French
instruments.

He rejects the spring s (fig. 77), which produces the recoil of
the armature, and substitutes for it a second magnet placed on
the other side of the armatire, substituting at the same time s
permanently magnetio bar of steel for the armature of soft irn
used in the other instruments. .

202. To explain the principle of Lippens’ appa.ra.tns let @ b and
o' b’ (fig. 78) be two electro-magnets made precisely alike, the

Fig. 78. coil of covered wire
upon them being one
ocontinuous wire carried
from one to the other,
and rolled in such a

- manner that their po-
larity shall always have
contrary positions in
whichever direction the
current may be trans-
mitted on the wire.
7 Thus, if @ be a north
pole, &" opposed to it wxll be a south pole, and in that case
« will be a north and & a south pole. If the eurrent upon the
eoil be reversed, all these four poles will at once change their
names—a beoommg a south and ¥ a north pole, and o’ a south
and b a north pole.

Let g ¢" be a steel bar which is permanently magnetised, g
being its north and ¢ its south pole, and let it be supported
midway between the eleetro-magnets, having free play towards
the one or the other until it encounters the stops £ £ or & ¢’ by
which it is arrested.

Now let a current be trensmitted upon the wire, by which a
will become a north pole, and consequently b and &’ will be south
poles, and &’ a north pole. Since g is a north and ¢’ a south pole,
they will be attracted by & and a’, and repelled by a and 4, and
consequently the armature g ¢ will be moved towards &' o’ until
#t is stopped by ¢ ¢. 1If the current be then reversed, a and o’
will become south, and b end b north poles; sud the armature
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will be attracted by a and 3, and repelled by ¥ and a’, and will
accordingly move towards the latter until it is stopped by ¢¢.

If the direction of the current be reversed rapidly, suppose, for
example, ten times per second, the armature g ¢’ will be made to
oscillate ten times per second between the stops ¢ ¢ and ¢’ ¢.

It is evident that the expedient adopted by Siemens, by which
the transmission of the current is arrested by the contact of the
armature with one stop and re-established by its contact with the
other, might be easily modified so as to reverse the direction of
the current by each contact with ¢ Zand ¢ ¢; and in that case
the telegraph of Siemens would without other change be ren-
dered exempt from the defects imputed to it, as well as the French
instruments, by Lippens. But M. Lippens, either prevented from
adopting this obvious expedient by the patent of Siemens, or
giving a preference to the hand commutator for other reasons,
has contrived an ingenions commutator worked by hand, by which
he reverses the current with the greatest facility, rapidity, and
precision.

203. This is & wheel commutator formed on the principle ex-
plained in 129, but there are two wheels such as are there described
placed one upon the other upon a common axle, with a dise of
gutta percha between them, so that one is insulated from the

Fig. 19.

other. The edges of both are divided into a series of conducting
and non-conducting arcs, but the position of these relatively to
each other is alternate, the conducting arcs of each disc corre-
sponding in position with.the non-conducting ares of the other.
‘We may imagine the shaded arcs of fig. 79 to represent the
conducting ares of the upper, and the white arcs the conducting
ares of the lower disc, the one, however being separeted from &)
contact with the other by the interposed dise of gutte percha.
N p 2 W
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obtaining greater celerity of communication by means of a greater
variety of signals.

GERMAN RAILWAY TELEGBAPH.

190. The telegraphic apparatus used for the serviee of the
Prussian railways, and for most of those of the German states, is
one for which a patent was obtained by M. Siemens, of Berlin.

191. This apparatus consists of an indicating dial surrounded
by the alphabet, upon which a hand moves, similar in form and
external appearance to the indicating dial of the French railway
telegraph already described (188), but placed upon a horizental
table instead of being vertical, as in the French telegraph. This
dial is surrounded by & circular key-board, as shown in fig. 76,
having ag many keys like those of a piano-forte as there are
characters upon the dial, the letter engraved upon each key being
identical with that with which it corresponds in position upon the
dial.

192. A léver, a'd, is placed upon the table, turning upon the
centre b, and limited in its play by two stops, T and 2. "When it
is turned against T, the line-wire is put in, connection with the
indicating apparatus, and when it is turned agaiust ®; that wire
is put in connection with an alarum. A current, therefore, which
istransmitted along the line-wire can be made to pass through the
indicating apparatus or through the alarum at will, by giving to
the lever a b the one position or the other.

The usual means are also provided by which the current may be
allowed to pass the station without going through either the
alarum or the indicating apparatus, or by which it may be stopped
at the station and turned into the earth. In fine, all the pro-
visions common to telegraphs in general, which .have been
explained in 112, et seq., are provided